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Abstract of JP2002368260 

PROBLEM TO BE SOLVED: To provide a 
GaAs1-XPX based light-emitting element, 
having a heterojunction structure, satisfactory 
for extracting emitted light, in place of a 
conventional homojunction structure. 
SOLUTION: A light-emitting element is 
constituted, utilizing a heterojunction structure 
of gallium arsenide phosphide (GaAsI- XPX: 
0<=X<=1) and a lll-V compound 
semiconductor layer containing boron. In 
particular, the heterojunction of the mission 
layer and a lll-V compound semiconductor 
layer containing boron having a forbidden 
band which is not narrower than that of gallium 
arsenide phosphide emission layer is utilized. 
The lll-V compound semiconductor layer, 
containing boron, is composed of mixed crystal 
of boron arsenide phosphide(BAsP) or boron 
phosphide(BP). 
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[ItJfcJSl] fait V ^ittf V V A (G a A Sj »P, : 0 

ixsi) mt. mm (b) t'p*i< tty s (p) s 

fcttSlt^ (As) kZ-StrSmmi I I - V®Hb£-4£)i£ 

If»#jg3] mty yittfv VJ*mfrhtez>ft3tm\z.. 10 
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Hmmi 3] fS*3Sl 2tc|5®cD7>^5rffl^/c7fe 
[0 0 0 1 ] 

Ms (G a A s i x Px : 0SXS1) M t , fflliS (B) t 

'Pte<kh»i/ (p) (As) t&strsm 

mi i i -vK^ft^tfst^bjgfifcstts^D 

[0 0 0 2] 

5E»ja»9ft0jg i i i aaitffisvagfc:* 

(G a A s i x Px : O^X^l) ^6**38*^*— 
K (LED) (#* r^»flc^>f^* 

tt J ( (ft) ^mtt 1 9 9 5^5^ 3 0 0 ^^^KDiS) s 
118-12 0 ^^J<> Its Ga P^f B g 

bfc, 383tej&««r#?j5 5 5 nmit5»fi» 
©GaP^?)ft5LEDMfiltfc5 (_bfBC0 
T'^^ttEaftj , 118 — 12 l 0 S§3K<t 

ffl^t:S^^TV^5G a Pd^45LEDm «*8Pttn 
ff^t pJWmmVkG a P/($ a B B il^P3ffi (homo) 
£^c1g3g7^k#oT^<5 (fi»Jx.tf, David Wo 
od N "Optoelectronic Semico 
nductor Devices" (Prentice 

Hall Int. (UK). Ltd.) (199 
4 ) , 9 9-102 H#flg) o 

[0 0 0 3] m?L&, «©Ga P^t^^LEDiCfo 

coi i i -vm<t&yo¥mfc-?ibz>o K&&&m<D*m 

#-?l*s myt&hfrb-f*^ VT (c a r r i e r) (O 
»»?¥Jg'&Sfi**4fiVN ( K . Tir^nv^ 
^^-<^)4&a^ (T) J ( («0 199l¥ 
6^ 2 5 0 38tT» 1*1) . 5 0 5-5 0 7 H#fi8) . - 

WMS^'C^ (isoelectronic trap) 

«Ef&J , 118-12 1 0 «»J*.fi, (N) 

t LT^iDL/cG a P^f B ji^^^:Ji t f 5 G a P*t& 
L ED^^j^ttTV^o 

[0 0 0 4] L^L, {J^GaPiMLEDOM 
(D8gll»5 5 5 nmti)5, Ctlli, GaP^MT' 

• i4oT^5 (±I5<0 r^^y^^^j ^ 2 8 
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[0 0 0 5) 

As, x Px (OSX^l) ^b45LED#i^5 
kM'&ZtlZo Lj&*U G a A s 1 x Px (O^XSl) 

[0006] ±Eofle*a«oraH^«r«* 

5, iihffiKGaAs, x Px (O^X^l) iH^C 
ti-S-g"ffl*I I I -VRft^ft^fttO^fpg^ 
*SS:MLfcGaAs, x Pi^ate^Srttfti-St 
<£>T*fc£ 0 20 
[0 0 0 7] 

(1) 75 M (9) KEtt^fll* I I I -vmik^Vo¥- 

mtetmtv^fctfv (G a A s , x Px : 0^X^ 
l) Mb<D^ f Dg^«iSrAi L^<k^**#|g3t 
ft^T*fc£> 0 

(1) at>fky (g a a Sl x p x : o^x^ 

i) mt, mm (b) ^^<^tyy (p> 

* (a s > t «r*tf*Hi* i i i - vmik&to^mftm 

(2) ^um&ffim*M&i-z>mkv ^ittfv <?j*m 

^jffiJS^'fr (isoelectronic trap) 
15 (2) teE*^k^»¥***3te»-?-. 

(4) «tt^e<ji«»*^S:jKfie-r5^*fi«i^^si (n) 
xhzzk&ftmt'tzmm o) ic:E«ca>fk<&»¥* 40 

(5) — ^os^wasrjgrti- satfky wk#y ^ai 
^e>fts«*»i*a*i 1 1 -v«fb^»¥#*jf * 

(2) 75 S (4) oftTix^iqifcElftO-fk^^aW** 

(6) ^fflgfti I I -V^k^^»flc®<D^Jh^ffi 
ri*. at^ky v>fk^y 9^JBOKjt*«J: 9 *>o. 2^u 

^hoVTjf/uh (eV) £X±±X3bZ>^ k*$fWLb-tZ> 
fifjffi (1) 75^ (5) ^{pJtb^ 1 JStcE®0>fk^^ 50 
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«*¥ttfl&%ft?-. 

(8) smmi 1 1 -vjwk-Mfc^aiflcJitf, mtv> 
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[0 0 0 8] ifc, ME (1) - (9) KE 

*ofk^*^ai*»3tft^*»»^^»«i-5fc«)<D2fe 

o(io) (li) ^Ei-^W^flcXJtft^^KJS 

do) s«±f^ky ^k^fy ^Assrasb, Kat 
fky v{k# y <>j±m±.\^mm i i i -va^te*** 

«5tft^6oS!5t*-}£tcjoVNT, stgjtj-awk y wk# y 

fca«ejiT©a*"T?*ai» i i i -vaMk-^ft^awwi 

£«Jf-T5r <t^#m^i-^)filE (1) 75^ (9) Of*! 
*trt» l fllcEft^ik**^*^**^ <o»Jt*Sfe. 
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fflft (B) ^^<<i:t)yy (P) SfcttBkft (As) 

TJL B PWb (Kristall und Tec 
hnik, 2 (4) (1967), 523 — 534 M# 
m . ^7T<<T (a-Al,0,) , £Hk3£ft (S i 

c) , y >{k^/y (g a p) % rntxv (G a 

As) mmzi/D 3 y (S^*^f B ) 
[0 0 1 1] *fc*?8M^»2 0|llSJKfl8t?tt, -&fflH* 
I I I-V^WiMGaAs, x Px (0^X^ 

i) ^&*5**»jc^og^s*, ^*m<&mm 

[0 0 12] ^rn^Sr/mfflSl I I -VjR^k-fr 
ftiftflStfri LT, m^Sc^A l 0 B fl Ga y In l0 a 
, P, a As a (0^ a < 1 , 0<SS1, 0^y< 
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1 % 0<a + j3 + y^l % 0^5 Si) ~C3lfE£tLS I 

i i -vmit^^mm^x^Zo ffjxifi, jyft 
(bp) Rximtmrn (ba s ) sevm* 

*tffcix5o ffJx.fi* yyft7;v^ = 9A.i»fifi 

(A lz B, i P : 0^Z< 1) ^StfcT/l^ . Sjjj 

(A 1 2 Bi zAs) #fc5 0 fflx.fi, y> 

{fcfflBig • XV ")AS 0 H a (B, zGa 2 P : 0^Z< 1) * 
VMiy VfcfflHiif • f (B, z I n z P : OS 

z<d »*#W6tts Q ffix.fi, BPStt. ^ra^JS 

{fc^ttftffi*MI (MOC VD) & ( I n s t . P h y 10 
s . Conf. Ser. , No. 129 (IOP Pu 
bl ishing Ltd. , 1993) , 157—1 
6 2I#fiB) , (MB E) jfe 

(J. Solid State Chem. , 133 
(1997) , 269-27 2 H#fiS) , ^7^f F (h 
a 1 i d e) & ((D r 0 44tAAA¥*tt J .Vol. 
24, No. 2 (1 9 9 7) , 15 0lSt/@J. Ap 
pi. Phys. , 4 2 (1) (1971), 420 — 
4 2 4I#1) , Stf/>^ K (hydr i d e) 

ft^iMBrint^atcitfojaift-c** «dj. cr ys 20 

tal Growth, 24/25 (1974) , 19 
3—196 H&1>*© J. Crystal Growt 
h , 132 (1993) , 611 — 613 S#fl8) 0 
[0 0 13] *»W<0»3O|tll6Jgtt-Cf4, SSHrf-ftlfi 
SS^'fr (isoelectronictrap) 3rHTtP 
G a A s i x Px (0SXS1) /^bftS^Jl^, -b!2 

<D^mmi i i -vjs<b*«*#flcjiS:^-7 t ci«'frs-& 

So G a A s i x Px (OSXSl) tCloV>T^m^-Wffi 

m+fok \^xftm^%ttmftttmma*mm (nj # 
^ffbtis (±is^) r^aiff^-Y % ii8i 30 

^f^t*jx-^^ (Bi) *sfc5 0 ^m^-WMsi^^ 

tlfJttat^t^^l^ M#B (Zn) t&iK 
(O) fcttkteotzZ n-0*ti Wi^S^MWfc 
So ^If^M^tfGaAs, x Px (0SXS 

1 ) b fiSfi* W f e:«ix 5 SrfHtfc t? £ 5 *J # & 

50 ^a^W^Ftt^-e&SaESSr-g-tfG a A s, xP 

x (0SXS1) «jt/Bfi, ffJx.fi, ffctg^e^v^ 

/U (L PE) ffi, /Ma^ (ha 1 o g e n) * tcfc^ 

4 Yv-l K(hydride) StfB^ \?9 *z/^/U (V 40 

PE) j£i£W3;MOC VDte*?f;i «fc SfiggHtK:, 

-T (NH,) sE^ttfc: K7^ (H 2 NNH 2 ) H^S: 

mftx&m+mm&mi x 1 o ,a cm ^it^t^i 

*P (doping) i"ScD^§l£ LV\ 
[0 0 1 4] *&W<D$IS 4 (DmW&mX'lL n^GaA 

51 x Px (OSXSl) 383tJffCfi, p^CO^fflS^I I 

i"So piGaAs, x Px (0SXS1) ftlftm 

latnj&v^mmi i i -vmik&yo*m<tm*m&z so 
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^•fflBigl I I -vM^^i*l^^5: £fd 

±9, p n^i^fn^«i|^i^#5o pn 

+ztztb<D&3tuki,xmmzmmxzz> 9 GaAs 
, xPx (osx^d wtmtkxMz<ssmm i i i-v» 
{b-fr«*aic*Ji#^, p^aiJinjARRX^siB (z 

n) , *?if**s*?J* (Mg) *?<DSSl I«*fcf4«* 
(C) ^<D|g I V^^^^DLT#btbS 0 n^fe 
8S/Ifi3£3g (Si).S(Sn) §^IV^ Sfctt 

ttlt (s) Sfcfi-feu-v (Se) teifcomv iftTOMfe 
>SA^IS:fc «t 19 SEA1-*Ui p «*v>H: n m&mm Sr» 

[0015] G a A s , x Px (0 SXS 1 ) 3§5feJIIC, 

kffoo. i e vm^^±mM(D^mm i i i-va^t-g- 
xk-rz&mmi i i vjs^^^aifrsrs-fr^^rix 

fi, «3tS^OS-&#E^»(tS^> K (band) 
GaAs, x Px (O^X^l) ^Tt^J: «9 »JLb^*HSr 

o. 2 e vsx_t±k-tz^mmi i i -vnft^n 

So 

[0 0 16] **W©»6©HlSJB«8-ett, ^ffll^l I 

i -vmit^^mi^m^mMt^tc^^w^^k 

ItMt^o GaP^feW^tfiS. 4 5 OA 
"C*>5x G a A s ©»f jtftlj: 5 . 6 5 4Atfc 

S (JilScO r^liflc^^ % 2 8M#R8) o - 

ffJx.fi, y yftffl* (BP) CDte^^CfS 4 . 5 3 
sAr-fcS (±ISco r^^/W^M^j , 2 8H# 

bb) o ffjxifi, mtmm iba s ) ©»^^«ch 

4. 7 7 7 AT*foS/-c#> (±|5^> r^flc^^ 
fraJ , 2 8 , B P k B A s k<Dm£hX&>Z>B A 

s, »P» (O^Y^l) £GaAs, , P x (O^X^ 
1) irfi*&^^FS^coia#,fdfcSo fflx.fi, -TV^^iN 
«&J5KS:*?I0. 3 2 (= 3 2%) ti~S Bo. 88 I n 0 . 32 P 
£A (*&^/Ef£^5. 4 5 OA) OjtO<GaPiM 

-&sr*i-BP*jBat>*?**s. ^sbb^i i i -vmt& 

»*i*t^IS:4tGaAs, x Px (O^X^l) 
ir#ij»DTt&^S^COB8«f^*>a o ?£oT, GaAs 

, x Px (o^xsd %±mk^ "rum&z^z><£mm 
i i i -vm{k&m*m&m&m&£hmfrhmtfLirz> 

k, ®t7-(D ^ ^-v (mi s ma t c h) (CgHbT 
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i i -vmfc&m¥mi*m&Hm£ti&. * 

lr^fo»*S*5r irir-r^o ftttMk JEfc«* L 
<f4**««r**fcLT«**ttfc«aBm I I-VjR 

5F**«r#MPJ-C#6»*3fl«»bixa D 10 
[0 0 17] ##£fl,JI, 3Efca*L<tt**KSr±#i: 

tf % M^y>{bl* (BP) Wt5f:feoM 
tt. h!i^^lf ( (C 2 H S ) 3 B) /^^^^V 
(PH,) XSEMOCVDfliftLt, 7 0 

OfcH^ffU S - 6 , 0 6 9, 0 2 1f#S) „ 
H&tefflBSf (BC1,) /Hfifty > (PClj) 

Hta, 1 0 3 Otaifl 0 8 Ot«TOl^5 Ot<Z) 

aitr**i/-j ( rjfcflJttSj x |g 4 5#*9-J§- (1 9 
76) , 891-89 7H#BS) 0 r^igf B B P/f CD 

»jftia*icatu, msb pji«:*/u s o o°ck±t 

7 o OtWT^v^teiTlltti^o £fc, ^jfsjf 
S:^ft:i:i-5BP«fMEtc, «Ofi2 5 5 0 

fit, 2 5 0tBl±7 0 OtEHT^lff-eaitSC tli 30 

«M*x«iHJiffffi (xrd) ^«^-iftigsf*fcft*|gi*f 

— ^5>*qtb4o (spot) # 

OiaSf^J&SJS^SiX^ (J. Crystal Grow 
t h , 70 (1984) , 507 — 514 0 

[0018] ffip^S7^wim m?tm\zB ' 

As, »P» (O^Y^l) ^g^^tt^TDMiig 

>^S) tto. 0 0 6<ti&^ (7^s/y^» % 

atfwe^Mu ( <«o ^ras/g, 1985^7^250 40 

3§fT3l3JI5fJ) , 5 1 Igffi) 0 BAs^t^KJ 

ttj , 5 1 I#M , ±/vt*&mfa&\±<D*mfcT*2b 
60 ^(Dtztb^ BAs, ,P, (O^Y^l) fte, 

te, y TjftS^JK) 1 X 1 0' 8 c m 3 -^3 5 X 1 0 ,a 

c m 3 bt£Z>mz. V—\?>Jf (doping) £*l/T^ 50 
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t*S)5 0 0 nmtU y T»ftCD4§-gHS, if/? 

[0 0 19] BA s, v P v 3 5cffiSJctt;«LT, 

J*T?#a. BPfi-ScDI I I -Vjfift-&4fc^8K|c-e*, 
K> (Nature, 179 (No. 4 5 6 9) (1 9 5 

7) , 1 0 7 5I#I) \ «ttdcfi¥8i:J:!mfcBP 

^C0^ih^*S^^} 6 e VCfeS t £frT^£ (Phy 
s . Rev. Lett. , Vol. 4 , No. 6 (19 
6 0), 2 8 2-2 8 4l#S) o L^>L— ^TT%^Jx. 

J**i£K«:S#2 nmHi3 0 nml^T©eirtt« 
^©J«i-^tf*ih^r*SSr«?j3 e V^f§B PJ1^#X 
rcO«*«Jh«iHS:^fflT^-f-SBPJitt, P*H 

s, x Px (O^X^l) <D»0»5**©JHjt»«H:, 

Ga p©*»atJhflf«K*aa-rsaa'e2. 26 e vt 

fc£ 0 t/:, Ga POriBrOj*Jh1IF«tt2. 7 7eVT* 

fe5 (w. a. />yyy|, r@^®-7-«^ifett~ 

fti^^O^S- (_b#) j (1 9 8 7^5^ 3 0 0, 
aftX^JBtT, -Kg) , 2 6 9#i) □ Sot, ffjh 
*fMIS:*?j3 eVi:t5BP^5)BI (clad) SSrflf 
^ct^lf, G a P^r^^^V>T»lh^«H^S^ 
0. 23eV£ft!K Hy7^) CiZ^J flUUSrX 

Afc* »**^oW*Ir]«EE (BrB, Vf) Srfi«-ra 

[0 0 2 0] £fc, *MfciD^T«*.fi % «ih^*ISr 
fi3e Vt1~Z>& Pmfrbl*. ^4 1 3nmJ; Y) S^fi: 

G a PMI^b«S^5 5 5 nmtni 

SfoT, »fe3tS:ttJl*-rSG a PIB5tJi±tc:BP^e>* 
5 Kil^ 5: mm -f 5 98 Tfe^aig S: K ft T — x n CO 
G a P L E D *m$L-tZ> C t t i"tbtf , t£*tf)*^rg^ 
iG a P»feLEDl:»lt5Ga P^tC X Z>$&%:<DV&l& 

^fn^lGaPLED^tfcbSnSo * fc, 38 3t 

Sags $r*fflT*#^»iie^fijffl-rtb«, mm 

[0021] ^mmi I I -VS<^W9*l^Ga 

As, xPx (osxsi) e^i«?assrffii4v^s 
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<D9(DmM&WiX'te, G a A s i »P« (OSX^l) ffi 

±tc, siM^»j*»£»T©»*fc»^-c*«* i i 

J&f&tZu ^Jxl^ (N) iSrT^y^U^ hn = y 

^^ftiLt^ifnfGaAs, ,P, (OSX^l) 

^•a-Wjftr^fig-f S. fiP*>, G a A s i » P„ (OSX^ 10 

i) ^3tsro^«a^«T0D}&ST% ^mmi i i-v 

-So 

[0 0 2 2] ±IBO*n<*JIS**fctt^JHfSr^ 

i i i - vitfo&m^mitmii. mm* 

CTx.fi, H^IrjWE (Vf) ^Eco#ttdS*9— iri-^LE 
I I I -vm<k&fo*m#m&&&&m*t£ft#&R^ 

[0023] ^fc, ^mci i i -vmi\&to¥m#m 

£2 5 0°C£L±7 0 0°CJ^T, «fc L< Ii3 0 0°C 

£JUb5 5 OtWTCOfSV^ST^figi-S^ t t-rtttf. 

5 0 «ixfc«EjSltt!feS:l«»Ufcp n 30 

«»"t?#, fi£oT. a?^S»JE^ii5<E.ol(B*r6]«flEco 
fSV^p n g^S^T 1 ci LED *m$Lir Z> \ZL$h$k&m 

ztiz>o *%£w<dmi o(ommmm<o— mt 75 

OlCtSUrtLfcnJgGaPJB*!^ 3 5 0tt«L 

•So 

[0024] *&w{cfczik&m¥m&mftm**m\,^ 

*Wi* G a A s 1 x Px (O^X^l) 3§5tJlK:^7"njg 40 

^■tffc^fflBSf I I I -vm4k&to¥m#mizi:Z>1& 

(window) JB<7>a*^«t 9i«»«<07 V^SrWfiK 

aPM^yyftii (bp) mt(D^n^mm 

1 2 Srii^ifc LEDIO^ i$m 1 5 JhCQgB ( A g ) Sfc 
V^^iT/^^n^A (Al) «f^>&JRSrttALfcflS«ci 6 

1 1 cojSSf-Kitfc— 35<om&<D'&ftW& 1 4 ££M 1 
fc, '^ng^flljgi 2±(C^BL^ffi®«il 3£& 50 
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[0025] -&&tj:¥m'{£M±m<D^tf*i'ffim 1 9 
v mt^m *mmz. ^otmo cvd ^mj-cjkj* $ tt^ 

^B s a !i yftlf (BP) 5 5 5 n m^ife)t{: 

ItB PJ1 T*m&ffimi 2^IWcLED 1 0 

5SPJtCj:ttfi^2 0 0 jum-^3 0 0 /imft^/hScOL 
[0 0 2 6] ±f£<7)^0^<DLED§^fflV^/c^>'^ P ^i, 

LT*iJlt^5 0 £fc % ^iffliSl I I -Vifc^i 
(£>GaAs, x Px (O^X^l) S^g^iLEDC 

[0 0 2 7] 

[f^ffl] G a A s 1 x Px (O^X^l) ti*hteZ>%Jtm 

l^fDg^^f^I*I I I -vmYt*4ft**<*: 
@> »^*3t»»±oSliJl:fflr«Sr^"i-5^as|| I I I - 

[0 0 2 8] G a A s , x Px (O^X^l) 

[0 0 2 9] 

[UttCTl (HJfiflajl) *SI*OTl-e«:, ^Jffl^I I I 
-V«ft^3Mt:ii Lt y Wb«* (BP) S«r« 
x/cU^k^y^A (GaP) SrJBjfcJiiri-S^naS 
^S© LED Srf£R LfcffilSrfflV^T*»WS: A*W^K 



■4 
* 



( 7 ) 



11 



m-t £ 0 *HJ60S 1 -CfE®i U:LED20 <D®r®*gi££: 

[0030] LED20 m&<Dmmffii£& 2 1 f* x S«B 
(Zn) K-ZTpr^ (10 0) Ktt5GaP| 
#£fe£:g^2 0U ITi^lto SS2 0 1 (Dmm& 

mm (hno 3 ) tmm men ^s^^ffl^r 

^tv^-V A' (1 iquid — phase epi taxi 
a 1) £ft (Zn) K-^p«GaPi 

2 0 2£«Jf bfc 0 ffiiS K — ~7<D pJI5GaPjp20 2CD 10 
SUtaSli 7 8 OX:t bfc e ^ty7SSfift4 

x 1 0 1 8 c m 3 1 u mmm*) 2 . 5 ^ m t b*: 0 

[0 0 3 1] pfGaPi2 0 2±Cit m C < 7 8 0 
X:X*&m (S i) K~:/GDn^G a PJf *»<b>t53§5feJi 
2 0 3 £ffl]f bfc 0 %£%m 2 0 3^^y Tig^te^ 5 
X 1 0 ' 7 c m 3 t L x S»tt*?J 0 . 7 »mb bfc 0 

l2 0 3^)M^fj:, TV^e^T (NHa ) ^f^?rfij 

fflltSi (N) ^7>f yxl/^ hp-^^^ft^t 
T3g;feJ!2 0 3^jDb/c 0 mm&mmteG a P^5t 
12 0 3^C0MmM^-«S^6 X 10 18 cm 3 ^^ 20 
«^H££b*: 0 
[0 0 3 2] nlGaP^3fcl2 0 3±^ll hV ^"f- 

summ ( (c 2 h 5 ) 3 b) (ph 3 ) 

(H 2 ) m^JSEMOC VD&ClJ; 9 , 3 5 0^-^0% 

*±t£ti-z> v >itmm (bp) ^^^^-.^n^^i 



2 0 4 £;ffijf bfc Q GaP^l2 0 3 t^TDg^ 



2 o 4(1, am (s i ) * K-ey^Uc, ^!)r 

S£#*J 1 x l o lB c m 3 nl&B Pg^^tg^L 

fc 0 JIJ?tt;&l0. 4 /i met b*: 0 ^fnjgAj|2 0 4$' 
*H~B P^it^I^r, {S^^WfeT'S'J^Lfc^iFf 30 
^(index of refraction) £ ffi^ 
^Sfc (extinction coefficien 
t) irSr*iJfflLT*«>fctr^, Mt«3. leVi 

[0033] mmm^fc 2 1 coft^ji y ^itmm 

(BP) -TD^i2 0 4(OSi^nSll(:il 

?rftl2 0 /im^t^H^COn^-^ y^WM 2 0 5 
£IS©b/c 0 n§i®2 0 5li&-y/b-7^-)^ 

(Au 9 5fi% • G e 5ft%) £-J&fft&*^* 
^m{c£<0&m£l£XMf&l,tc o £/c, GaPMSS 40 
S201 COggCQB&^EtCte. & • ffiiS-^^ ( A u 9 7 

P«t-^ 3/^fffi2 0 6S:*^Lt, LED20£« 

[0 0 3 4] nj&RXfpMm*— * y#W&2 0 5, 2 

Hl^[^mgft5r 2 0 ^ y TV-^T (mA) t bfc^O^gft 
fiO^^KS^S 5 5 nm~5 5 6 nmt'fcof: 0 «53t 
«S*C»j£i-551^^^^— OK) 2. 3eV) i H 
*£fcSS*lhfiM6 (=3. leV) y VjkflU 50 
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(BP) 12 0 4 ^)tl 2 0 3 Ic^i tt^r □ 
-££-£6fll£jc£ LTtfctf), (chip) jRffiT? 

©«*Ul*lilill4 5!)*yf7 (mcd) fcSJitb 

7 — 1 0 m c d s *?J 1 . 4 

-2. Ofi^V^Tfeffi^Ga P^rn^iLED 

^S^^jxS^ <t fcftofc. JH*faSifE£:2 OmAi: b 

fc 0 i/c, 1 ^ nrv^r ( m a) 

[0 0 3 5] (HffiOT 2 ) 2 •Cd, ^Jg^i) 1 £ 

temtzzmmm&frhtez, y>w (bp) /^y 

{b#y^A (GaP) — Pg^SLE D SrfiMc LT, 
*«WS:S#:M^lftWi-5o *HJfi0il 2 L E D 

3 0 OffrSflttf Sria 3 fc«SC«jfc«i-« 
[0036] LED30 ffl^<^>«S«at^ 3 1 ft, Sf{f 
(Si) K-^tnlO (10 0) ®^«Ga Pl£ 
J£ASr£4R3 01t tTffil/^c 0 S^K3 0 1 OSI^I 
7k (HN0 3 : HC 1 = 1 : 3 Ojg^jR) SrfflV^T^fi 

^rv'-r^l&icflfet), 3£3f (Si) K—^C0G a PJBS: 
3 0 2 <t bT«Mbfc 0 8iK-^niGaP 
3S3fc/i3 0 2 ©aifiStt 7 5 0 o C<h bfc 0 3r-^ 
y7M(»4X10"cm 3 a, JiffttWl. 5m 
m£bfc 0 IS3ta 3 0 2C0fig*^C« x TV^e^T (N 
H,) #^S:fUfflLtI* (N) SrT^y^u^ j. n ^ 

v * ^mfo t i-xmytm 302 ^assp b/c 0 ssi^ srjo 

ftf^G a P5S3tS 3 0 2 ©«*JK^»«JdS*& 5X10 



1 s 



cm 2 t ft ZffifcWtfe bfc 



[0 0 3 7] nJ^G a P^^tJl 3 0 2±(df^ (C 
2 H 5 ) 3 B/PH 3 /H 2 MEMOC VDjStCj: «9 x 4 
0 0ttMS?ri*^t5v^V^A (Mg) K- 

^tpioyyftii (bp) d^<i:Wog^i3 

V/I I I ttm (=PH,/ (C 2 H 5 ) s BOit*) fill 

tfLsmmzmmmi tmc< 1 o nm/#k b^ 0 

^v"i7A (Mg) ratf^-v^ wOfiSzczz/U-srjr^ 
i"}J* (bis - (CsH 6 ) 2 Mg) ^ffl^TK-tV 
^b, -fpg^l 3 0 3(D*^ VTmj£tem7 X 1 0 
,8 cm J a/: 0 ^TP8^l3 0 3©lf|j:eo. 5 

^7D^i 3 0 3 Sr«figi" S B PS©^ffl^*ih»i|S 
^3. 1 e Vi:*ofc 0 *fc, igg£5 5 5 nmO^ 

[0 0 3 8] p ff^r D8^i 3 0 3 cOglOf 
B&*m 1 1 0 MmttSR^p^t-^ y^i£3 
0 4, nJgGa P^SSfaStgS 0 l©IIl:n»*- ^ 
y^tffi3 0 5S:*ix-PixH:«bTLED3 OSrfil^b 
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ft 0 p Wt*— ^ yf WM 3 0 4 • Ef&-&& ( A u 9 
7 • m& 3 *ffl«*«^b«J«Ufc. * 

fc, n v> ^ li 3 0 5 fi^ • ^7 ^. ^ i,^^ 

(Au 9 5ft% • G e 5fffi%) XffijR*0t3»»&»A 
Ufcio n**— ^ y?a&3 0 5J*G a P3M£ffiStR3 
0 1 0»ffiO»^BK»ricUfc. 

[0 0 3 9] pJKRtfnJSW:*-— 5 y*W13 0 4, 3 

MS*lp]mMSr 2 0 ^ ]) Tl"<T (mA) £ Lfc8Rtf>3B3fc 

(#5 2. 3eV) J:0t>*#4*a« 
JkflMi (=3. leV) Sr*i"5 y WfcBI* (BP) Jf 
3 0 3 3 0 2KWffiJiarj|*ffl-f Lt^ 

TD^StSl^i: Lfcfcifc, ^y:/ (c h i p) tfc 
lt(DM^(i?^Ltai 5mc cUdPMLfCo IP 

7mc d~^Jl Omc &Xtb&<D\Z.ttM1rtl)t£. L 
TJBl. 5f&^fc*52. OfS(^S5V^3tttJ*<75G a P — 
^B«*iLED#«ftSftfc. «#AWI<r2 0mA 
t LfcBRoHi^mEE (BfB, Vf) tt*S2. 4VT^ 20 
o7t D £fc N f^M^lO^^nry^T (m 
A) L^i^(Z)iS*f^lE(i 5 V x 5 t ^) ^ 

49^ ME^ttCin^^rng^SGa PLED^ 

[ o o 4 o j mmm 3 ) *mmm 3 -et*. stft y ^t: 

fflS^ (BAs, vPy) ^f>3i5*«»I I I -Vfeit^ 

m^mw-mtmt]) isittfv (GaA Sl ,p» : o 

tfcLEDfcflCLT, *«WSrA«:W^«iwrS 0 * 
X*W4^ffife5LED4 O^Wfffi«3S*:H4tC«S:6?j 30 

[0041] LED4 0J8&O«Ji«gtis:4 1 

(S i ) K-^tn^ (10 0) ffitttSGa A s 

»*Sfi«rSffi4 0 1 £ lt«Slfc. St54 0 lcomm 

-bKte, — jRttft^fy^A (Ga) /TA->> (AsH 
3 ) /PH 3 /H 2 |M K(hydride)M 
«J«*#Sfctt?K gig (Si) K-^GaAs, x 

p x (osxsi) M4gEi4 0 2^aiUco 

Stt7 2 0ttU: o £fc, ^y7»*lil!)5xio 40 

1 7 c m 3 t U Jifftt#?J 3 /2 m <t L*l 0 G a A s , x Px 
( 0 S X ^ 1 ) ffi/&^IBJl 4 0 2(^)y (= X) I* 

GaAsS«4 0 1t^MT0 (*) t U Seffi 

[0 0 4 2] nJKGaAs, x PxS^EMS4 0 2 

(P) *&fifcJfcSr«j0. 8 7i-gi:LfcnWGaAs 
0. .3 Po.a7^^t®4 0 3£$JJlLfc 0 3S3tJI 4 0 3 <Z)Ji 
IljJSlljamtLfc. 3§?tJi4 0 3lCf3, /y^7 

(NH 3 ) ^^JfflLtl^ (N) Sr«f ffi-f-W h 5 y 50 
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-f^Wfohi LT&J6 X 1 0 ,e cm s O&gT~^f 

[0 0 4 3] 3§3tJf 4 0 3±Kltt\ (C 2 Hs) 3 B/P 
H s / A s H s /H 2 ^ tff MO C V DffiC J: ^ 4 00 
•C-C^fiWSrifriri-a^^i/^A (Mg) V-zf<D 

pMfky Wbif (baso. 10 Po.h) ^fefts^r 

P^l4 0 4^IU o ^7ng^f4 0 4« 
W:»I«V/I I lit* (= (PH3+A sH 3 ) / 
(C, H 5 ) 3 Bit*) j|JS« 2 t R] li < 30i:U * 

fc, MSStt»2 0nm/»ttfco ~*1f**s1}±> 
(Mg) CO K— t 0 >^ag(Cfi N t^-v^ u-O^ 

z=-)V-*>f (bis - (C $ H s ) 2 Mg) SrJBV> 

fc. -7D^I4 04^t y 7»Sl^2X 1 0 18 

cm'at JBJ¥f*#*J0. 5/imaf: 0 fflW*i:SH 

*«*©«**#tt«r*»fc^ ng^JI 4 0 4 

t5pM<b!/><kii (ba so. 10 P0.90) g^^a 

©»Jhflf«f4«a 2 . 9eVT*fcof: a 

[0 0 4 4] pf^TDg^|4 0 4©^S0f^{: 
tSSr» 13 0 /im^nRff^pW-; ^^li4 
0 5, n»G a A s ifeil«4 0 1 ©SBlCn ft- 

5 y?mM4 0 6 Sr^tt-ettKfibTLED 4 0 £litJ& 
Lfc 0 pft-V7^1i4 0 5(j:^-Igi^ (Au 
9 7ft%-BS3fi%) Lfco 

6 (Au 9 5»i% • Ge 5 «*%) 

fifcbfco nf t-^; '^li4 0 6{j:G a A s ISSS 
ffi4 0 1 ^>a@O0&^:®^®«^^fc o 
[0 0 4 5] pMO ? nfSt-vy^li4 0 5, 4 

0 6 r^{- 2 OmAOlll^li^SriiSEL^tr^SgS: 
^5 8 2 nmit6gM^*^#f: 0 ^5/^ (ch 

1 p) tt*5 7 m c d i^PJI L 
fco gp*> N St^GaAs, iPi^bftSpnft^lO 
*^S^JffeL E DO^ftffi;^^ 2 «(Dfl5 V^3tW* 
tfcfc^4G a A s, rP»^fo»^lLED)5S«« 
£*lfc 0 (= 5 8 2 nm) ^Stl£-fS 
S^^/V^— (^2. leV) «t 19 

s^Kikwe 2. 9 e v) *m-rz>mtv xtmm 

(BAs, rPv) l4 0 4^5>Ml4 0 3|C^TPg 
mA©»i*lB]agfE-C(OV f fi*5 2. 3VT*foofc 0 * 

tz, mxfanm&i o^?nr^<7 ua) tas 

5 P n ;h/T ^5 r rtLfi, 

^7 0^14 0 4$r^7t^4 0 3 <t 19 tfilt^t 
5:i t Ufcfcft. ^7D$^|4 0 4 £3§3fcJl4 0 3 

[0 0 4 6] 

[^?3^M] GaAsi , Px (0^ 
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i) &ytm\c^mmi i i -vmtt&to^mitm* 

ZZkk LfccDT\ «*3ft«lc:«*t5<t-&«^aK*** 

10 0 4 7] GaAs, x P* (O^X^l) 55 

m^±<om±^m^-r^mm i i i -vs^tf 

[0 0 4 8] ^JfJC^^DgS^S^S-g-ffll* I 10 

i i -vmn&m^mitmtmky ^tmm (ba s 

P) mM*frbffif&-tZ>Z.k k-tZk, ?£%:m\zMlsX* 
[0 0 4 9] 3§3tSM— rng^J^ffli I 

So 

[0ffi^ffi*7ilft^] 

[S2] 3iJS#U f-IE®<£>G a P^td^SLED(7) 
[13 3] HJ6^J2tC|5ic<DG a P^fng^SLED(0 
[0 4] Hffi0ij3{vl|E^^G a A s foS^SLE 30 
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10, 2 0, 3 0, 4 0 &3tm* (LED) 

21,31,41 mytm+m&mmmmft 
1 1 as 

1 2 ^uJfrfrflKfi 

i 3 mmmffi 

1 4 mibwm 

1 5 
1 6 

17,18 

1 9 =.7$*i/mm 

20 1 piGaPMSSS 

2 0 2 p^G a PJ1 

2 0 3 n^G a P^^tM 

2 0 4 nfBP^TDMl 

2 0 5 n * y t %M 

2 0 6 pte^—^iytWfc 

3 0 1 nff^G a P$M£fiS4R 
3 0 2 n^G a P^%M 

3 03 piBP^rng^l 

3 0 4 p m*— WM 

3 0 5 nff^— Ss^WS 

4 0 1 n JgG a A s ^f Q S« 

4 0 2 n^GaAs, xPJI^EI 
4 0 3 nT^G a A so. , 3 Po. si^itM 

404 pKBAso.,o Po. so^fpf^i 

405 p m*— ^ y ^ 

4 0 6 njp^^-— ^ y^mM 



mi) 



[12 2] 
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